A 1 ml water sample was serially diluted up to 10 -4 and 100 µl was spread plated on ZoBell marine agar medium (HiMedia) and incubated at 30 C for 2 days. Colonies obtained were purified by repeated streaking on the same medium. A pure culture of the strain was preserved through lyophilization. Unless otherwise mentioned, strain JC229 T and the reference strains A. bidgolensis KCTC 13821 T (=P4B T ) and B. iranensis IBRC 10446 T (=X5B T ) were grown on ZoBell marine broth/agar medium (HiMedia) supplemented with 3 % (w/v) NaCl [containing approximately 5 % (w/v) NaCl; here referred to as M3 medium], and Alteribacillus persepolensis LMG 25222 T (=HS136 T ) was cultured on ZoBell marine broth/agar supplemented with 8 % (w/v) NaCl [containing approximately 10 % (w/v) NaCl].
Genomic DNA was extracted and purified from strain JC229
T according to the method of Marmur (1961) and the G+C content of the DNA was determined by HPLC (Mesbah et al., 1989) . 16S rRNA gene amplification and sequencing was done as described previously (Rahul et al., 2014) . Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using the EzTaxon-e server (Kim et al., 2012) . The CLUSTAL W algorithm of MEGA 6 was used for sequence alignments and MEGA 6 (Tamura et al., 2013) software was used for phylogenetic analysis of the individual sequences. Distances were calculated by using the Kimura correction in a pairwise deletion manner (Kimura, 1980) . Neighbour-joining (NJ), minimum-evolution (ME) and UPGMA methods in the MEGA 6 software were used to reconstruct phylogenetic trees. Percentage support values were obtained using a bootstrap procedure based on 1000 replications.
The taxonomic relationship between strain JC229
T and its closest phylogenetic neighbours was examined using DNA-DNA hybridization studies. Genomic relatedness was determined by the membrane filter technique as described previously (Begum et al., 2016) . Hybridization was performed with three replications for each sample (control: reversal of strains was used for binding and labelling). The degree of genomic divergence/relatedness between strain JC229
T and the type strains of A. bidgolensis and B. iranensis was additionally examined by the DT m approach. The divergence between the thermal denaturation midpoint (DT m ) of homoduplex DNA (ssDNA of strain JC229
T hybridized with ssDNA of itself) and heteroduplex DNA (ssDNA of strain JC229
T hybridized with ssDNA of A. bidgolensis KCTC 13821
T and B. iranensis IBRC 10446 T ) was determined using a real-time PCR thermocycler that gives fluorescence determinations (Gonzalez & Saiz-Jimenez, 2005) . Prior to analysis, isolated DNA was renatured at the optimum temperature for renaturation (T or ), which was approximated according to the method of De Ley et al.
(1970) using the equation T or =0.51 (% G+C)+47.0. Renaturation conditions consisted of a denaturation step of 99 C for 10 min, followed by an annealing period of 8 h at T or and by progressive 60 min steps, each at 10 C below the previous one, until room temperature was reached. To the renatured DNA, SYBR Green I dye was added at a final concentration of 1 : 100 000. The thermal denaturation of the labelled mixture and measurement of fluorescence during denaturation was carried out using a real-time PCR machine (Eppendorf Mastercycler ep realplex system; Eppendorf). The thermal profile consisted of a 15 min hold at 25 C followed by a 25-99 C ramp in 0.2 C steps with a 12 s hold. The mean of three replicates was used to determine the T m (melting temperature). Using the associated software, realplex, T m values of homologous and hybrid DNA were calculated as the temperatures corresponding to a 50 % decrease in fluorescence. Percentage similarity was estimated based on the DT m values (Gonzalez & Saiz-Jimenez, 2005) .
Morphological properties (cell shape, cell size, motility) of strain JC229
T grown on M3 medium was observed directly or after Gram-staining using an Olympus BH-2 phase-contrast microscope. The hanging-drop method was also used to test the motility. Malachite green was used for spore staining as described by Schaeffer & Fulton (1933) . The pH optima and range for growth were determined in M3 broth medium. The pH was adjusted to pH 4.0-11.0 with an interval of 1.0 pH unit by using CH 3 COONa-CH 3 COOH buffer for pH 4, K 2 HPO 4 -KH 2 PO 4 buffer for pH 5-8 and NaHCO 3 -NaOH buffer for pH 9-11. Growth with 0-25.0 % (w/v) NaCl (in 0.5 % increments) was investigated in ZoBell marine broth at pH 7.5. Growth was measured turbidometrically at 600 nm in a colorimeter (Systronics) after 48 h of incubation. Growth at 4, 10, 20, 25, 30, 35, 40, 45, 50, 55 and 60 C was examined in M3 broth.
Various biochemical tests such as hydrolysis of starch, casein, Tween 80, gelatin and urea, oxidase, catalase, nitrate and nitrite reduction, methyl red, Voges-Proskauer, production of H 2 S and citrate utilization were performed as outlined by Cappuccino & Sherman (1998) . Aesculin hydrolysis, arginine dihydrolase, phenylalanine deaminase, ornithine decarboxylase and lysine decarboxylase were determined as described by Smibert & Krieg (1981) . Determination of acid production from carbohydrates, as well as utilization of carbon and energy sources, was performed as recommended by Ventosa et al. (1982) . Antibiotic resistance of strain JC229
T was determined using the disc diffusion method with commercial antibiotic-impregnated discs (BBL Becton Dickinson). The results were interpreted according to the guidelines set down by the Clinical Laboratory Standards Institute (formerly the NCCLS).
Polar lipids, cellular fatty acids and quinone composition were analysed from cultures which attained 70 % of maximal optical density (at their late exponential growth phase), for all the strains tested to ensure identical growth phase (Sasser, 1990) . Strain JC229 T and the reference strains were grown under identical conditions (at 35 C in M3 medium). Polar lipids were extracted from 0.1 g of freeze-dried cells with methanol/chloroform/saline (2 : 1 : 0.8 by vol.) and the lipids were separated using silica gel TLC (Kieselgel 60 F254; Merck) by two-dimensional chromatography using chloroform/ methanol/water (30 : 1 : 1 by vol.) in the first dimension and chloroform/methanol/acetic acid/water (35 : 7 : 6 : 1.5 by vol.) in the second dimension (modified after Oren et al., 1996) . Total polar lipid profiles were detected by spraying with 5 % ethanolic molybdophosphoric acid and further characterized by spraying with ninhydrin (specific for amino groups), molybdenum blue (specific for phosphates), Dragendorff (specific for quaternary nitrogen) or a-naphthol (specific for sugars) reagents (Kates, 1972; Oren et al., 1996) . Cellular fatty acids were methylated, separated and identified according to the instructions for the Microbial Identification System [Microbial ID; MIDI version 6.0; Agilent: 6850; peak identification was done based on the RTSBA6 database; Sasser (1990) ; revised-www.midi-inc. com], which was outsourced to Royal Research Labs, Secunderabad, India. Respiratory quinones were analysed as described by Xie & Yokota (2003) . Cell-wall samples were prepared from approximately 3 g of wet cells. Whole cell hydrolysates were prepared (6 M HCl, 100 C, 18 h) and examined by TLC on cellulose plates using n-butanol/ water/acetic acid (50 : 25 : 25) as the solvent system (Komagata & Suzuki, 1987; Rhuland et al., 1955) .
EzTaxon-e server search analysis revealed that strain JC229 T was most closely related to members of the genera Alteribacillus and Bacillus. The highest 16S rRNA gene sequence similarites were observed with A. bidgolensis P4B T (97.9 %), B. iranensis X5B T (97.2 %) and A. persepolensis HS136 T (96.6 %); it shared <95.2 % similarity with other members of the genus Bacillus. Results of phylogenetic analysis of the 16S rRNA gene sequences (1439 bp for strain JC229 T ) suggested that strain JC229
T clustered consistently with the genus Alteribacillus and formed a single clade along with the next most closely related species, A. bidgolensis P4B T (nodes that were obtained by all treeing methods are represented by filled circles and empty circles represent nodes that were recovered by the NJ and ME methods in Fig. 1 ) and the sequence similarities with the nearest phylogenetic members are in agreement with the EzTaxon-e server result. Strain X5B T , which was previously classified as the type strain of B. iranensis, also formed a distinct lineage close to the genus Alteribacillus (Fig. 1) . Further characterization of strain JC229
T was done as per the recommended minimal standards (Logan et al., 2009) C (=9.5 and 11.6 C, respectively). The values are within accepted limits for species delineation (Wayne et al., 1987; Stackebrandt & Goebel, 1994) , indicating that strain JC229
T and closely related type strains of A. bidgolensis and B. iranensis are members belonging to different species (Fig. S1 , available in the online Supplementary Material). The DNA G+C content of strain JC229
T was 40.2 mol% (by HPLC).
On M3 agar medium, colonies of JC229 T were circular, entire, shiny, smooth and creamish white. Cells were rods measuring 2-4 µm in length and 1-2 µm in width, forming chains (Fig. S2) NaCl was required for growth of strain JC229 T and it was able to tolerate up to 24 % (w/v) NaCl, while the type strains of A. bidgolensis, B. iranensis and A. persepolensis were less tolerant. Strain JC229
T was an alkaliphile and grew at a pH range of 5-11 with optimum at pH 8. Temperature and pH range for growth further differentiate strain JC229
T from its closest phylogenetic neighbours (Table 1) 
Polar lipids of strain JC229
T included diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and two lipids (L2 and L4) that based on their staining behaviour did not contain either a sugar moiety or a phosphate or an aminogroup (Fig. S3) , it still differed from the latter in the absence of unidentified lipid L1 (Fig. S3) . The detection of DPG in the type strains of A. bidgolensis and A. persepolensis is in contrast to the data reported in the description of A. bidgolensis by Didari et al. (2012) . However, Amoozegar et al. (2009) also detected DPG in A. persepolensis.
The fatty acid profile of strain JC229
T contained saturated branched components (Table S1 ), such as anteiso-C 15 : 0 , iso-C 15 : 0 , anteiso-C 17 : 0 , iso-C 16 : 0 and iso-C 17 : 0 . Although strain JC229
T shared major fatty acids with the closely related type strains of A. bidgolensis, B. iranensis and A. persepolensis, the fatty acids C 18 : 0 , iso-C 17: 1 !5c and C 19 : 0 cyclo !8c could be detected only in strain JC229 T . Significant differences in the relative amounts of various fatty acids were observed between strain JC229
T and its closest phylogenetic neighbours (Table S1 ). MK-7 was detected as the predominant menaquinone in strain JC229 T , in accordance with the description of the genus Alteribacillus. The cell-wall peptidoglycan of strain JC229
T and its closest phylogenetic neighbours was found to contain meso-DAP.
Strain JC229
T can be differentiated from its closest phylogenetically related type strains of A. bidgolensis, B. iranensis and A. persepolensis on the basis of temperature and pH range for growth, NaCl tolerance, polar lipid composition, and presence/absence and quantitative amounts of various fatty acids (Tables 1 and S1 , Fig. S3 ). Distinct phylogenetic, genotypic, chemotaxonomic and phenotypic properties thus justify the description of strain JC229
T as representing a novel species of the genus Alteribacillus, for which the name Alteribacillus alkaliphilus sp. nov. is proposed. In the present study, it was also found that B. iranensis exhibited characteristics that are in line with the genus Alteribacillus. We therefore propose the transfer of B. iranensis to the genus Alteribacillus as Alteribacillus iranensis comb. nov.
Description of Alteribacillus alkaliphilus sp. nov.
Alteribacillus alkaliphilus (al.ka.li¢phi.lus. N.L. n. alkali alkali; Gr. adj. philos loving; N.L. masc. adj. alkaliphilus alkali loving).
Cells are rods (2-4Â1-2 µm), form chains of four or more, and are Gram-stain-positive and non-motile. Obligately aerobic. On marine agar, colonies are circular, entire, shiny, smooth and creamish white. Grows at 20-50 C (optimum, 35-40 C). Tolerates a pH of 5-11 (optimum pH 8). NaCl is required for growth and can be tolerated at up to 24 % (w/v). Positive for catalase and oxidase. Aesculin, gelatin, Tween 80 and urea are not hydrolysed. Starch is hydrolysed. Nitrate/nitrite reduction, arginine dihydrolase, lysine decarboxylase, phenylalanine deaminase, ornithine decarboxylase, methyl red, Voges-Proskauer, citrate utilization and production of H 2 S are negative. Indole is not produced from L-tryptophan. Acid is produced from dextrose, D-fructose, maltose, (+)-raffinose, D-sorbitol and trehalose. Negative for acid and gas production from D-galactose, lactose, salicin, sucrose and D-xylose. Utilizes D-arabinose, asparagine, cellobiose, glycerol, L-(+)-lactic acid, methionine and sucrose as sole source of carbon and energy. Quinone system is primarily composed of MK-7. DPG, PG and unidentified lipids L2 and L4 are the polar lipids. The main fatty acids are anteiso-C 15 : 0 , iso-C 15: 0 , anteiso-C 17 : 0 , iso-C 16:0 , iso-C 17 : 0 and C 16:0 , with moderate to minor quantities of iso-C 14 : 0 , iso-C 17 : 1 !5c, C 19 : 0 cyclo !8c, C 18 : 0 , C 18 : 1 !9c and C 14 : 0 . The cell-wall peptidoglycan contains meso-DAP.
The type strain, JC229
T (=LMG 28999 T =KCTC 33726 T ), was isolated from a water sample collected from an uncultivated agricultural field at Rachalpalle village, Telangana, India. The DNA base composition of the type strain is 40.2 mol% G+C. Common for all strains: cells are rod-shaped and endospore-forming; cell wall contained meso-DAP as the diagnostic diamino acid; major menaquinone is MK-7 and polar lipids are diphosphatidylglycerol, phosphatidylglycerol and an unidentified lipid. All strains were catalase-and oxidase-positive. All strains showed no activity for arginine dihydrolase, lysine decarboxylase, phenylalanine deaminase or ornithine decarboxylase. All strains were negative for urease activity and gelatin liquefaction. All strains were negative for indole, methyl red, Voges-Proskauer and H 2 S production. All strains were negative for acid and gas production from galactose, lactose, salicin, sucrose and xylose. +, Growth present/presence; À, growth absent/absence; W, weakly positive. Data presented in the table pertain to experiments done at the authors' laboratory under identical growth conditions. 
